Over the past 14 years I have been asked to investigate 86 children with unexplained fractures in whom non-accidental injury had been suspected. In each case at least one professional observer, often a guardian ad litem, had felt that there was doubt about the accuracy of that diagnosis. The group therefore represents a selected population.
Among these patients several clear patterns have emerged. The most common findings were osteogenesis imperfecta and a newly recognized group oftemporary brittle bone diseases.
Osteogenesis imperfecta
Osteogenesis imperfecta is the most common heritable disorder of bone and occurs in all races; in western Europe and North America it has an incidence of about 1 in 20 000. It is not a single disease but a group of disorders all of which are currently thought to be caused by defects of collagen1. In recent years increasing numbers of abnormalities of collagen or of the DNA coding for collagen have been identified, particularly in patients with the more severe variants.
The disorder may be inherited as an autosomal recessive (generally severe cases) or in an autosomal dominant manner (generally a milder disease). In this second group the disorder may arise de novo as a result of a new mutation. Fractures may occur with apparently minor or even unrecognized force and, when radiographs are carried out for other reasons, unrecognized fractures in various stages of healing may be found. Conversely, patients unexpectedly do not fracture with every injury. The fracture rate can vary greatly from time to time. Some cases of the milder variants would not be recognized at all but for the presence of an unequivocal family history.
One characteristic feature of osteogenesis imperfecta and similar bone diseases is that fractures may occur with little or no trauma and fractures may well not be accompanied by the physical signs of bruising, swelling or contusions that would otherwise be expected. Generally bruises are much more common than fractures in genuine cases of non-accidental injury. In osteogenesis imperfecta however, although bruising is a feature of the disorder, there may paradoxically be little bruising at the site of the trauma.
The extent to which bruising is not associated with fractures may provide evidence for some form of brittle bone disease but caution is needed for several reasons. The type of fracture needs to be considered. Bruising and extensive contusion would be expected from the trauma that causes a transverse fracture of the shaft of a normal long bone but may not be seen in some fractures occurring with limited trauma such as greenstick fractures of the distal radius and ulna. Appreciable bruising would be expected with trauma sufficient to cause a skull fracture unless the bone is abnormal For the lack of bruising to be helpful diagnostically, it is important to have evidence that the fracture was recent at the time the child was seen or that the child was seen by reliable independent observers at appropriate times. Local evidence of injury may not be seen if the applied force was remote, for example, with torsional injury.
The presence or absence of other physical signs of osteogenesis imperfecta needs to be assessed with some caution. Blue or grey sclerae are present in twothirds of all patients with osteogenesis imperfecta but mild variants of the disease with normal sclerae are well recognized2 3. Overt dentinogenesis imperfecta is seen in about half of patients with osteogenesis imperfecta. Increased joint flexibility may be evident, enlargement or delayed closure of the anterior The Royal Society of Medicine fontanelle may suggest osteogenesis imperfecta or other bone diseases; an increased head circumference may be helpful. All these signs should be sought but there are patients, undoubtedly affected on the basis of family history, who have none of these physical signs.
Since the disorder reflects abnormalities ofcollagen formation it is not surprising that bone may appear normal radiologically, particularly at the time of the first fracture (Figure 1) . The classical radiological abnormalities described in textbooks reflect the effects of the fractures and their immobilization rather than the fundamental disorder. Even in adults normal figures for cortical thickness and bone density may be found4. The presence of excessive numbers of wormian bones may be a helpful diagnostic pointer but their absence does not exclude osteogenesis imperfecta.
In a survey of 804 patients in the UK with osteogenesis imperfecta Dr Susan McAllion and I found that in no less than 113 cases parents had been accused at some stage of non-accidental injury. In 18 families case conferences or care proceedings were initiated. In most of these cases the diagnosis was extremely difficult to make at the time of the first fractures, although in three a definite family history was present but not elicited. While the numbers are small in relation to the numbers of patients thought to have been abused, the misdiagnosis of abuse may cause severe damage to the families concerned.
Temporary brittle bone disease
Over the years, I have seen several children referred as cases of osteogenesis imperfecta but having a very atypical history. They had a severe disease, including rib fractures and long bone fractures, in the first 12 months of life, but no fractures at all in later childhood. Temporary brittle bone diseases are already recognized in scurvy and in copper deficiency. In both of these the primary problem is a temporary defect in collagen maturation but such is the complexity of the post translational processing of collagen that further similar conditions are likely to be recognized in the future. Vitamin C is thought to be needed for the formation of disulphide bridges between peptide chains and copper is a component of the enzyme lysyl oxidase, essential for the formation of cross-links between molecules.
Copper deficiency has been reported in some 60 infants over the last 30 years, almost entirely within the first year of life5 6. It may well be more common than these small numbers imply and appears to occur particularly frequently in infants born preterm, supposedly because copper stores in the fetus are largely built up during the last trimester of pregnancy. Another risk factor appears to be multiple pregnancy and the third risk factor is bottle feeding; the disorder is very rare in breast fed infants. Some 35 infants initially thought to have been abused appeared to have a syndrome with many similarities to that of copper deficiency ( Table 1) . As with known cases of copper deficiency the first symptom was usually noted in the first year of life and most commonly in the first 6 months. In several, fractures occurred in hospital ( Figure 2 ) or in foster care so that non-accidental injury seemed particularly unlikely. In all the cases there was a discrepancy between the radiological findings of fractures and the superficial evidence of trauma. Metaphyseal abnormalities and periosteal reactions were frequent and sometimes nearly symmetrical.
While it is almost certain that a group oftemporary brittle bone diseases exists it is not clear whether copper deficiency is the cause of most cases. Much further work is needed but in the meantime this study has paid an unexpected dividend in permitting the identification of a group of patients in whom the prognosis for the bone disease is much better than would be anticipated from the initial number of fractures.
Other disorders Vitamin D deficiency rickets causes fractures that may lead to diagnostic difficulties7. It is not always appreciated that pseudofractures occur in rickets as in adult osteomalacia.
Menkes' syndrome, an inborn error of copper metabolism, may cause metaphyseal abnormalities not unlike those of non-accidental injury8 and in one recent case rib fractures led to an initial mistaken diagnosis of abuse. Scurvy and hyperphosphatasia have each caused one case of mistaken diagnosis.
Conclusion
In a minority of cases the diagnosis of bone disease may be very difflcult. However, a misdiagnosis of child abuse may have devastating consequences for the family and not least the child itself. The numbers of such cases may be limited by increasing knowledge of the great variety of ways in which these disorders may present and, equally importantly, by careful history taking. The parents who adamantly deny causing fractures may be telling the truth.
